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Introduction
Hospitalization for acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is recognized as a major event in the natural history of chronic obstructive pulmonary disease (COPD) due to its negative effect on lung function, survival, risk of readmission, and quality of life. [1] [2] [3] [4] [5] [6] The prolonged length of stay (LOS) may also indicate more fragile patients who need more attention from health personel. 7 Although only 10%-15% of all patients with COPD will experience severe exacerbations that require hospital admission, expenditures associated with hospitalization represent more than 70% of all COPD-related medical care costs. 8 Until now, no established predictors of prolonged LOS are available, and there is no international accepted norm of how long a hospitalization due to AECOPD should be. This is illustrated by the wide range of reported LOS (3-16 days). 9, 10 In the absence of a published definition for prolonged LOS, we defined a LOS longer than the 75th percentile as prolonged LOS in this article, which is in line with other studies. [11] [12] [13] A limited number of studies have published a heterogeneous set of variables that are associated with long hospital stay for AECOPD. For example, social and demographic data, 14, 15 clinical variables, 10, [16] [17] [18] comorbidities, 11, [19] [20] [21] [22] number and type of drugs used on admission, 11 and day of the week of the admission 16 are among the risk factors for long LOS. There is a lack of consistency in identified predictors of long LOS, which makes it difficult to determine which prognostic factors are most important. To the best of our knowledge, there are no established statistical models for predicting LOS based on variables collected at the time of hospital admission for AECOPD. Thus, increased knowledge about predictors of prolonged LOS and earlier prediction of LOS might contribute to better patient treatment, optimal discharge planning, and shortening of the LOS, which will ultimately lead to cost savings for hospitals.
The primary objective of this retrospective study was to identify predictors of prolonged LOS in patients hospitalized for AECOPD. A secondary objective was to develop a predictive model for LOS based on available variables obtained at the time of admission for AECOPD.
Material and methods Patients
The study included all patients with a discharge diagnosis of COPD from March 2006 until December 2008, after introduction of electronic medical records at Oslo University Hospital, Aker. Based on the International Statistical Classification of Disease and Related Health Problems, 10th Revision (ICD-10) 23 , we included both patients with COPD (J43 or J44) as the main diagnosis, and patients with respiratory failure (J96) or pneumonia (J12-J18) as the main diagnosis and COPD (J43 or J44) as a secondary diagnosis. Although patients with different main diagnoses might have different LOS, we decided not to split the sample to keep it as big as possible. Another reason was that the diagnoses were set at the time of discharge and were therefore not available at the time of admission and could not be used as a predictor in this study. We used the diagnosis only as a criterion for patient inclusion. We chose to include the first hospitalization of all consecutive patients hospitalized for AECOPD in this period, regardless of number of previous admissions. In total, 599 patients were included.
Medical record review and variables
We extracted the following data from the computerized medical record at the time of hospital admission: demographic data, comorbidities, use of long-term oxygen therapy, and clinical data obtained in the emergency department (Table 1) . We registered a history of any of the following conditions as comorbidities: ischemic heart disease, cardiac arrhythmias, chronic heart failure, pulmonary heart disease or pulmonary hypertension, psychiatric disorder, general atherosclerosis, stroke, diabetes mellitus, other neurologic disorders than cerebral insult, any malignancy ever, osteoporosis, renal failure, or abuse of drugs or alcohol. We created a summary variable using the total number of these comorbidities, which again was categorized as 0, or $1 comorbidity. We analyzed the impact of both individual comorbidities and the dichotomized comorbidity groups, eg, with or without registered comorbidities, on LOS.
We also extracted the value of the forced expiratory volume in 1 second (FEV 1 ) determined at the time closest to that of the admission, LOS, number of COPD-related admissions during the previous 12 months before the current admission, and the day of the week of admission. We then dichotomized weekdays into Thursday-Saturday and Sunday-Wednesday. We analyzed the impact of both individual weekday and dichotomized weekdays on LOS. The reason for dichotomizing weekday was because we considered that the natural time of discharge for those admitted between Thursday and Saturday would be before the following weekend, and thus 
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Predictors of length of hospital stay for aeCOPD that they might have a higher risk of a prolonged stay. In the final multivariate analysis, we used only dichotomized weekdays in order to reduce the number of variables in the prediction model. A COPD-related admission was defined by discharge diagnoses from previous admissions using the same criteria as for the current admission. This study was considered as a quality assessment study by the Regional Committee for Medical and Health Research Ethic, South East Norway (S-09079d, 2009/123) and approved by the local Privacy Ombudsman for Clinical Research, Oslo University Hospital (2011-12102). The later also approved that written consent from each patient was not necessary.
statistical analysis
Based on a literature review, we analyzed how 14 variables from our data set were related to LOS (Table 1) . Descriptive statistics are expressed as mean ± standard deviation (SD) or median (interquartile range [IQR] ) values for continuous data, and number (%) for categorical data. Missing values for FEV 1 , serum albumin level, and arterial carbon dioxide tension (PaCO 2 ) were imputed from the other known variables using linear regression analysis; we did not impute missing values for the other variables. Patients with missing values after this procedure were excluded from the final analysis. We used univariate and multivariate logistic regression analyses to assess predictors of a LOS .11 days (corresponding to .75th percentile). The multivariate analysis initially included variables with P#0.25 in the univariate analysis. We then manually removed variables one by one while watching changes in the coefficients in order to arrive at a final parsimonious model. We chose a significance level of 5%. Stata software (version 10.1) was used for statistical analysis (Stata Corp, College Station, TX, USA).
In an attempt to establish a statistical model to predict whether or not a patient would be hospitalized for longer than the 75th percentile, receiver operating characteristic (ROC) analysis was performed for independent predictors of a long LOS as determined by multivariate logistic regression analysis.
Results

study subjects
Of 599 patients discharged after AECOPD, nine were excluded from further analysis due to missing data after our imputation of FEV 1 , serum albumin level, and PaCO 2 values. The final sample of 590 patients had a mean age of 73.2±10.8 years and 54% female. The mean LOS was 8.9±9.7 days, with a median of 6 days (IQR 3.5-11.0 days). Descriptive statistics for the patients are presented in Table 1 .
In univariate analysis, age, FEV 1 , COPD-related admission during the previous 12 months before the current admission, admission between Thursday and Saturday (here under, Thursday and Saturday), high PaCO 2 , high pulse rate, low serum albumin level, and having one of a selection of comorbidities (ischemic heart disease, heart failure, cardiac arrhythmia, diabetes, and stroke) were significantly associated with a LOS longer than 11 days (P,0.05, Table 2 ).
In multivariate analysis, only admission between Thursday and Saturday, high PaCO 2 , low serum albumin level, and having heart failure, diabetes, or stroke were independently associated with a long LOS ( Table 3) . Admission between Figure 1 ).
Discussion
This study found that admission between Thursday and Saturday, high PaCO 2 , low serum albumin level, and having heart failure, diabetes, or stroke were independently associated with a long LOS. The statistical model had an area under the ROC curve of 0.73, which we considered to be too low to allow the development of a meaningful predictive model. The impact of weekday at the time of admission on length of hospital stay has hardly been studied in COPD given its impact on mortality; a large Spanish study showed that patients admitted on the weekend for AECOPD are more likely to die in the hospital compared to those admitted on weekdays. 24 Our finding that admission between Thursday and Saturday was associated with a LOS greater than the 75th percentile (ie, 11 days) pointed out another possible negative consequence of being admitted around the weekend for AECOPD. Our finding is consistent with a Spanish study demonstrating an association between weekend admission (Friday-Sunday) and prolonged LOS. 20 However, a long LOS was defined as $3 days in the Spanish study, which is shorter than the median in the present study (6 days), and shorter than the commonly reported mean or median LOS of 6-11 days. 7 Furthermore, over 90% of the patient population in the Spanish study was male, which stands in contrast to our patient population of more than 50% women. Our finding, together with the finding from the Spanish study, indicates that prolonged LOS in connection to weekend admissions may be a more common phenomenon than we are aware of. This is supported by studies of other diseases that have also found that admission day of the week affects LOS. 25, 26 There are several possible explanations for this phenomenon, and they probably vary between specific health care systems. 
1-Specificity
Area under ROC curve=0.7342 
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In our case it might be that the "natural" discharge day of these patients was immediately before the next weekend, as indicated by the median LOS (6 days), and hence the discharge could be delayed by the discontinuity and reduction of the medical staff during weekends, as suggested by previous studies. 16, 22 This phenomenon might also be due to the reduced primary health care or support available from relatives following hospital discharge. Alternatively, patients admitted between Thursday and Saturday may have more severe AECOPD than patients admitted on other weekdays, as has been suggested by some authors. 27 Association between comorbidity -which is common in COPD -and LOS are less studied compared with their association with mortality under/after AECOPD. The published results had either been concentrated on single diagnoses 21, 22 or number of comorbidities. 11, 19, 20 In the present paper, most of the recognized comorbidities of COPD have been assessed; we found heart failure, diabetes, and stroke to be independently related with prolonged LOS. Both heart failure and diabetes are common in patients with COPD. 28, 29 Since the exacerbation of COPD and its treatment with beta-agonist and systemic steroids may worsen heart failure 30 and diabetes, 22 respectively, it is understandable that a prolonged stay might be needed to get these comorbid conditions under control. That a high PaCO 2 measured in the emergency department was associated with a prolonged LOS is reasonable because PaCO 2 and other blood-gas variables reflect the severity of respiratory failure. This finding is consistent with two previous studies 16, 31 but inconsistent with two others. 25, 26 The discrepant results of these studies may be due to differences between the patient populations, since patients needing intensive care and with infiltration on chest radiographs indicating pneumonia were excluded from the latter two studies.
Our finding of an association of low serum albumin level with a long LOS is consistent with a British study demonstrating an association between a low serum albumin level and a LOS .7 days. 31 Serum albumin level is a marker of nutritional status, 32 with a low level being associated with higher longterm mortality in COPD patients. 2, 33 Albumin also forms a part of the acute-phase protein response, and hence low serum albumin level may reflect the deterioration of clinical status or increased persistent inflammation during AECOPD. 33 In the present study, we wanted to identify patients with prolonged LOS primarily because such patients may have a worse health status and hence an increased need for post-discharge support. 34 In the absence of a standardized definition of prolonged LOS, we decided to use a LOS cutoff at the 75th percentile rather than at the median [11] [12] [13] because the potential benefit from improved discharge planning would be greater with increasing LOS.
In univariate analysis, increasing age was significantly associated with a LOS longer than 11 days. However, this effect disappeared after adjusting for other variables in the multivariate analyses. This can, for example, be attributed to older patients being more fragile, having lower serum albumin values, having more comorbidities, or more severe COPD exacerbations and higher PaCO 2 . Therefore, age by itself was no longer significantly related to prolonged LOS, and the age effect was probably captured by the other variables.
Some evidence supports that social circumstances affect LOS. 15 However, in this data set, we had no feasible variable for social factors like income, class, or (earlier) profession.
The predictive model did not perform as well as we had anticipated. The area under the ROC curve was 0.73, suggesting a poor to fair performance. Although the usefulness of a prediction model does not follow directly from how big the area under the ROC curve, a level of 73% will in most cases be too low for the purpose of resource planning in a hospital, while a level close to 80% is usually considered sufficient for practical use. 35 The present ROC curve illustrates how one must trade sensitivity for specificity -if we need to correctly identify 75% of the patients with a LOS .11 days, we must accept that 50% of the patients with a LOS #11 are incorrectly classified. Alternatively, if we require that 75% of the patients with a LOS #11 be correctly classified, only approximately 50% of the patients with a LOS .11 will be identified. In our opinion, these uncertainties are too large for the predictions to be useful in a clinical setting.
There may be several reasons for the suboptimal performance of this model, with one possibility being the presence of a large random component that is independent of patientrelated variables. Previous studies found that only 8%-12% of LOS variation could be explained by clinical variables. 18, 36 A US study showed that hospital stays for patients hospitalized for AECOPD were considerably extended beyond what was considered strictly necessary because physicians observed patients an extra day to be certain that patients could cope at home after discharge. 16 Such individual assessment is one of several random elements that are difficult to incorporate in a statistical prediction model. Additionally, local practice guidelines, hospital resources, and the organization of care may influence LOS. 24, 37 Some limitations of this retrospective study should be discussed. The number of variables in the analyses was limited; hence, potentially important predictors might have been missed. We reduced the possibility of false-positive findings by limiting the number of variables before the analysis. Some medical records at the time of the admission were incomplete, for example, lacked information on comorbidities or results of tests actually being done on admission. This was partially compensated by imputing values for missing values for the variables that we thought would be most important -FEV 1 , PaCO 2 , and serum albumin level. This imputation contributed to reducing the uncertainty associated with missing data and avoided the exclusion of patients, which would have reduced the effect of the results of the study.
In our case, we had no indication that the missing values for serum albumin, PaCO 2 and FEV 1 were systematically missing. Therefore, imputation is reasonable. Without imputation of missing data, those patients with incomplete data would be excluded, which could also introduce bias. 38 Finally, the study population was recruited from a single university hospital in Oslo, which served as a primary hospital for a geographically defined area of the city. Therefore, the external validity of our results might be limited. However, the included population was relatively large and unselected in that all patients with a discharge diagnosis of COPD were included. Furthermore, both age and LOS in this population were comparable to those in previous larger studies from other countries, which support the external validity of our sample.
24,31
Conclusion
In conclusion, we found that admission between Thursday and Saturday, PaCO 2 , serum albumin level, and comorbidities such as heart failure, diabetes, and stroke were associated with LOS. The reported findings may help physicians to identify patients at risk of a long LOS in the early stages of an AECOPD admission, and thus introduce the possibility of offering better follow-up. However, we were unable to create a robust scoring model for risk stratification that would have been useful for discharge planning. The reasons for prolonged LOS are probably multidimensional, and future studies should focus on both patient-and non-patientrelated factors.
